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INTRODUCTION 

Since  the  early  1800's,  iter  between  the  Chesapeake  and  Delaware 
Bays  has  been  exchanged  in  increasing  rates  with  each  reconstruction  of 
the  Chesapeake  and  Delaware  Canal.  The  latest  enlargement,  which  began 
in  1958,  deepc  d the  Canal  from  27  ft  to  35  ft  and  widened  it  from  250 
ft  to  450  ft.  At  the  presnet  time  this  dredging  project  is  virtually 
completed  and  upon  completion  an  additional  net  eastward  discli.  rgc  of 
water  from  the  Chesapeake  has  been  estimated  at  1,650  cubic  ft  per  second 
(Pritchard,  1970).  This  flow  of  water,  which  is  ubjdct  to  tidal  cycles, 
may  be  totally  fresh  during  periods  of  hig1  freshwater  runoff  from  the 
Susquehanna  watershed  or  slightly  saline  during  drier  periods  of  the  year. 


As  a consequence,  the  increased  diversion  cf  water  through  the  enlarged 
C and  D Canal  will  result  in  a long ' udinal  shift  of  the  sa"inity  pattern 
up  the  Chesapeake  Bay. 

The  objec' ives  of  this  study  were:  (1)  to  determine  the  species  of 
benthic  invertebrates  inhabiting  the  C and  D Canal  and  the  Elk  River,  an 
approaching  waterway  to  the  Canal , (2)  to  determine  the  biomass  of  benthic 
invertebrates  and  seasonal  changes  at  representative  stations  throughout 
the  study  area,  and  (3)  to  estimate  the  effects  of  the  enlarged  Canal  on 
the  present  fauna. 

Several  persons  contributed  a substantial  amount  of  personnel  effort 
towards  this  study,  while  others  freely  gave  assistance  when  called  upon. 
The  author  wishes  to  recognise  them  for  their  parts  in  completion  of  this 
investigation. 


Construction  of  much  of  the  field  gear  and  operation  thereof  was 
very  ably  performed  by  Richard  Z.  Younger,  Jr.  T!  e crew  of  the  R/V  ORION 
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and  AQUARIUS  were  essential  and  provided  excellent  working  conditions  lor 
the  field  ope  tt.ions.  Mrs.  Carla  Lankford  sorted  the  benthic  samples  in 
the  laboratory. 

Dr.  Selwyn  U.  Roback  of  the  Philadelphia  Academy  of  Sciences  identi- 
fied or  provided  specimens  for  identification  of  the  insect  larvae.  Dr. 

Done'  1 R.  Boesch  of  the  Virginia  Institute  of  Marine  SciL ace  identified 
the  species  of  oligochaetes . Also  Dr.  Donald  Ileinle  provided  identification 
of  the  copepods  fo;  1 in  fish  stomachs. 

MATERIALS  AND  METHODS 

Sampling  stations  were  established  in  the  Maryland  section  of  the 
C and  D Canal,  the  Elk  River,  Bohemia  River,  and  in  the  Chesapeake  Bay  at 
the  mouth  of  the  Sassafras  River  (Fig.  1).  Two  stations  (101,  102)  loca  ;d 
furthest  from  the  Canal  at  the  mouth  of  the  Sassafras  Riv  c were  ch  sen 
because  of  a prior  study  in  this  particular  area  using  similar  sampling 
techniques.  Water  depth  at  the  different  stations  ranged  from  2 to  40  ft, 
with  some  stations  chosen  in  the  ship  channel  within  and  outside  the  Canal 
proper.  Samples  from  water  deeper  than  4 ft  were  taken  from  aboard  the  R/V 
ORION.  Samples  from  water  le  than  this  depth  were  taken  and  processed 
from  a Boston  Whaler  outboard  boat  especially  rigged  for  taking  bottom  sam- 
ples. 

Three  replicate  samples  were  taken  quarterly  at  each  station  using  a 
0.1  m van  Veen  grab.  The  bottom  material  contained  in  the  grabs  was  placed 
on  a 0.7-mm  mesh  opening  screen  and  washed  on  board  the  research  vessel. 

The  residual  materi  1 with  specimens  was  flushed  into  plastic  jars  and 
fixed  with  107,  formalin.  Approximately  3 days  la  or  the  form,  lin  was  rep  lac*, 
with  707,  ethyl  alcohol,  ’inis  material  was  further  washed  in  the  laboratory 
and  the  entire  sample  was  ox.  mim  d for  benthic  organisms.  After  sorting, 
the  specimens  were  placed  in  vials  and  preserved  again  in  alcohol  for  future 
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identi  fication  and  enumeration.  A card  index  was  kept  for  each  station 
listing  the  number  of  all  species  found  during  each  particular  sampling 
period. 

Samples  of  the  s imer  were  taken  at  each  station  by  means  of  the 
van  Veen  grab.  An  aliquot  of  the  sediment  sample  was  washed  through  a 
No.  230  (63  uni)  U.  S.  Standard  Sieve  to  collect  a sample  o..  the  silts  and 
clays  in  the  filtrate.  The  sand  fraction  which  remained  on  the  screen 
was  then  dri  d in  an  oven  at  approximately  100  C.  After  drying,  thi.  sand 
was  then  shaken  through  the  U.  S.  Standard  Sieve  Series  Nos.  10,  18,  35, 

60,  120,  and  230.  The  sample  of  the  filtrate  which  contained  the  silts 
and  clays  was  tin  a filtered  through  a Millipore  filter  and  dried  to  a 
constant  weight.  A second  aliquot  of  the  filtrate  was  used  for  clay  analy- 
sis after  it  was  allowed  to  sit  undisturbed  for  2 hr.  This  50  ml  sample 
was  also  filtered  through  a Millipore  filter  and  then  allowed  to  dry  bcfore 
weighing.  A percentage  of  the  weights  for  each  of  the  following  size  cate- 
gories was  thezx  determined  based  on  the  weight  of  the  original  sediment 
sample.  The  sizes  were  gravel,  very  coarse  sand,  coarse  sand,  medium  sand, 
fine  sand,  very  fine.  sr.  d,  silt,  and  clay. 

Biomass  values  from  selected  static  .s  were  expressed  in  terms  of  dry 
weight  per  unit  area.  This  was  obtained  by  drying  all  specimens  from  a 
sample  to  a coixstant  weight  at  70  C.  Average  weights  for  those  species 
not  found  whole  in  the  sample  were  obtained  by  selecting  representative 
individuals  from  other  samples.  Mollusk  shells  were  not  included  in  the 
dry  weights. 

RESULTS 

Quarterly  sampling  at  the  19  stations  shown  in  Figure  1 yielded  a 
total  of  16  benthic  inver  obrate  species.  A list  of  species  and  number 
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of  specimens  collected  are  shown  in  Table  1.  Crustaceans  made  up  the 
largest  taxonomic  group  as  repr  nted  by  11  species;  insect  larvae 
were  second  with  9 species,  wh i 1 e annelids  and  mollnsks  had  only  3 and 
2 species,  respectively.  One  species  of  rlbbonworm  was  found  at  only 
2 stations.  This  total  number  of  26  is  considerably  less  w'  n compared 
to  a previous  study  in  an  adjacent  do\mbay  area  where  a to  1 of  66  spei ies 
were  found  (Pfitzenmeyer,  1970).  The  only  new  additions  to  the  ear  ier 
study  were  4 species  of  chironomid  insect  larvae.  The  reduction  in  40 
species  between  the  2 areas  may  be  attributed  to  the  rt  luced  salinity  or 
the  present  study  and  the  absence  of  shell  substra  a.  Host  of  the  inverte- 
brate species  from  these  areas  are  estuarine  or  saltwate  forms  which  are 
not  tolerant  of  freshwater  of  extremely  low  salinities  (2.2  o/oo  maximum). 
The  chironomid  larvae  and  the  oligochaete  worm,  Limnodrilus  hof k ' steri , 
which  wer  found  in  great  abundance  and  widespread,  were  the  only  forms 
more  adapted  to  livin0  in  totally  fresh  water. 

A total  of  30,584  inidividuals  were  sampled  during  the  pe  od  of  study 

2 

which  yielded  an  average  density  of  1,396  individuals/m  (Table  2).  This 

unusually  high  density  was  due  to  the  abundance  of  the  mnllusk,  Hydrobia 

sp.,  found  only  during  the  June  sampling  period  at  12  stations  when  over 

12,000  individuals  of  this  species  were  counted.  When  these  are  subtracted 
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from  the  population,  a more  normal  standing  crop  of  861  individuals/m 
may  be  found.  This  mollusk  is  a small  snail  about  5 mm  in  shell  length 
and  apparently  r cruitment  of  the  new  year-class  occurs  in  early  surxr  r 
when  tremendous  quantities  are  found.  They  were  not  sampled  before  or 
after  the  June  period.  This  was  the  only  species  whose  abi  dance  varied 
markedly  throughout  the  sampling  periods. 
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When  the  species  arc  . l ranged  by  order  of  mm  erica  1 abundance, 

Hydremia  sp.  dominates  all  other  species  by  virtue  or  its  sudden  appear- 
ance in  great  quantity  at  one  period  of  the  year  (Table  3).  The  next  most 
abundant  species,  Limnodrilus  hoffm  l:.- tori , and  the  polychaete  worn,  Seoleco- 
.1  cm'  dcs  viridis , may  b<..  eonsi  red  the  true  dominant  representatives  in  the 
benthic  community  of  the  area  under  study.  The  araphipod,  LcpfocH-crus 
plumulosus , is  the  fourth  most  numerically  abundant  species  and  along  with 
the  three  above-mentioned  species  represents  77.497.  of  the  specimens  collected 
(Tuble  3) . This  table  shows  that  over  907.  of  the  fauna  is  represented  by 
onl^,  3 species  which  apparently  conforms  with  similar  studies  in  temperate 
areas  (Sanders,  1960).  More  diverse  communitie  are  to  be  found  in  the 
tropics  and  deep  seas  because  of  the  constancy  of  uhese  environments  (Wade, 
1972). 

As  a further  test  for  dominance,  species  in  each  of  the  4 sampling 
periods  were  ranked  separately  using  the  ■ ethod  of  Fager  (1937)  and  Sanders 
(1960).  The  10  most  abundant  species  for  each  sar.  ling  period  are  given 
a numeric  ' value  from  1 to  10  depending  on  their  abundance.  The  most 
abundant  receives  the  highest  value  of  1 , the  second  most  abundant  is  9, 
etc.  The  summation  of  these  scores  is  called  a biological  index  value 
(El)  and  the  highest  possible  score  would  be  40,  or  10  for  ranking  first 
in  each  of  the  four  sampling  periods.  The  results  from  this  analysis  are 
also  give-i  in  Tabic  3.  Limn-  j] us  scored  highest  of  all  species  with  a 
BI  of  37,  followed  by  the  polychatc  worm  Scotccol onid  (27,  a.  1 the  araphi- 
pod Icptochierns  (26).  The  advantage  of  this  method  over  arranging  the 
species  in  order  of  abundance  is  that  it  reduces  the  apparent  importance 
of  those  species  which  are  found  in  great  numbers  in  only  c c or  two  sampling 
periods.  An  example  of  Lbi  s is  the  snail  Hydro  Vi  a whose  numbers  far  c.:cc  Vd 
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any  of  Lhe  other  species,  but  only  tied  for  ninth  place  in  importance 
when  ranked  according  to  this  method.  Chironomid  larvae  play  an  important 
part  in  the  faunal  community  of  Elk  River  and  assumed  Lhe  fourth,  fifth, 
sixth,  and  seventh  place  of  the  BI  ranking.  These  species  arc  more  cor.iaonly 
found  in  freshwa  r environment  ',  however,  the}'  posse,  s t j ability  to 
adapt  to  a wide  range  of  habitat  requirements  (Curry,  1965).  They  apparently 
are  able  to  withstar  periods  of  low  salinity  such  as  occur  in  this  area. 

All  of  the  spe~i.es  of  invertebrates  collected  during  this  study  were 
either  deposit-feeders  or  benthic  carnivores  with  the  exception  of  the  clam, 
Ran0" a cuneatn . Although  this  species  is  primarily  a filter-feeder,  it 
also  is  capable  of  uf  icing  dctrif.al  matter  to  a limited  extent  from  the 
bottom  sedime  .s  (Tenore  ej_  al . , 1968).  In  a shallow  soft-bett  m environ- 
ment, such  as  the  area  where  this  study  was  conducted,  one  would  expect  to 
find  those  species  adapted  to  living  in  turbid  conditions. 

The  stations  were  not  selected  with  regards  to  bottom  types,  but  by 
choosing  them  at  a variety  of  depths,  different  bottom  types  also  were 
included.  The  results  of  the  sediment  grain-size  analysis  is  shown  for  each 
station  in  Figure  2.  The  stations  in  shallow  water,  4 ft  and  less  in  depth, 
had  a medium  o-fine  sand  grain  size  with  the  exception  of  Station  117  in 
the  Canal  where  silt  predemins ted.  In  the  intermediate  depth  zone,  7 to  13 
ft,  the  major  sediment  type  was  very  fine  sand  and  silt.  The  deepwater 
stations  (27  - 40  ft)  had  a variety  of  sediment  types  depending  on  their 
locations.  The  deep  st  on  in  the  Chesapeake  Bay,  101,  but  outside  the 
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channel,  had  sediments  consisting  mostly  of  silt.  The  remaining  stations, 
in  the  channel  where  dredging  oc  erred,  had  bottom  ' pcs  of  firm  sands  even 
though  the  water  depths  were  greater. 
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Most  species  indicated  no  preference  as  far  as  depth  of  water  was 
concerned.  In  the  ft"  instance,  here  differences  were  observed,  it  wa  . 
due  to  bottom  type  ass*  -it ions.  One  crustacean  species,  hcmcon  c . r‘ n • s 
was  found  in  she1  low  water  but  not  in  deep  water  of  similar  bottom  type. 
Other  cf  taccans,  for  cramp le,  Chiridotea,  Edo tea , HonociModes,  and  Co_  _- 
phi  ’.mi,  were  more  abundant  in  sandy  substrates  in  shallow  or  deep  water  but 
not  in  fine  sediments  in  the  intermediate  depths.  Because  of  the  slight 
salinity  gradient  throw,  ort  the  area  of  study,  very  little  preference  for 
spec'fic  saline  conditioi  were  observed.  Table  4 presents  the  hydrographic 
data  and  shows  that  the  salinity  did  not  vary  much  more  than  1 o/oo  during 
any  one  sampli;  g period.  The  crustacean,  1! el it a nit ~ da,  was  only  found  at 
the  down  y e tat j -_s  an-’  probably  exhibited  some  increased  saline  preference. 
Also  the  amphipod,  Lcptocb  rus  plumul osus , which  was  the  second  me.  ubi- 
quitous species  and  scored  second  highest  in  the  biological  inde.:  values, 
was  f nd  most  abundantly  at  the  t’ownbay  stations  regardless  ox  bottom  type. 

One  . ajor  group  of  organisms,  insc  larvae,  was  found  most  abundantly 
in  shallow  and  mid-depth  stations.  Very  few  were  fov  1 in  deep  water, 
especially  wi  .in  the  Canal  pro.  t.  It  is  believed  that  the  high  v.  ter 
velocity  through  the  Canal,  which  normally  reaches  a maximum  of  3.6  ft/sec. 
during  a tl.dal  cycle,  prohibits  the  setting  of  these  specie'.  Speed  of 
water  currents  was  found  by  Lillehammer  (1965/66)  to  affect  the  distribution 
of  this  group  of  insect  larvae.  Station  117, during  tlu  March  sampling  per- 
iod, was  located  in  the  Corps  of  Engineers’  boat  basin  at  Chesapeake  City. 
Bottom  dredging  in  this  basin  necessitated  relocating  the  sampling  station 
across  the  Canal,  on  a shoal  are  , at  the  edge  of  the  ship  channel  for  the 
succeeding  sampling  periods.  Many  insect  larvae  were  found  in  the  protected 
waters  of  the  basin,  but  at  a similar  depth  and  bottom  type  at  the  edge  of 
the  channel  where  maximum  water  velocities  would  b obtained,  no  larvae  were 
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The  run. ib  r of  the  brackish-water  clam,  lkip via  cmie V:a , were  &•  ireo 
and  variable  at  most  s'  at ions  in  the  shoal  and  intermediate  water  depth.-. 
They  were  most  abundant  at  2 areas  in  the  Elk  River  (Stations  108,  113) 
located  near  the  western  end  of  the  C and  D Canal.  Here  dense  populations 
of  several  year-clases  could  be  readily  obtained  in  fine  sand  s-  ’iments  of 
s’  >al  water.  lit  the  Canal,  populations  of  this  bivalve  mollusk  were  scarce; 
only  2 specimens  were  found  during  one  sarpli . period.  These  were  small 
juvenile  clams  and  were  only  temporary  additions  to  the  deepwater  Canal 
fauna.  Shell  remains  f various  aged  clams  usually  could  be  found  at  most 
other  stations  with  :•  exception  of  channel  stations  where  dredging  had 
recently  occurred. 

The  only  oti  mollusk  collected  was  the  snail  I lyd r obi  a.  This  species 
usually  occurs  in  very  shallow  brackish-water  marsh  environments,  but  dur- 
ing the  June  sampling  period  it  was  found  in  great  rubbers  at  3 various 
depths.  A previous  study  indicate  that  this  genera  is  me  : abundant  and 
active  duri;  the  summer  months  especially  in  slightly  more  saline  environ- 
ments (Pfitzcnmeyer,  1970). 

As  stated  previously,  station  were  chosen  more  with  r spect  to  water 
depth  rather  than  with  bottom  sediment  types.  Generally,  in  the  Chesapeake 
Bay  and  tributaries,  bottom  sediments  change  with  increasing  and  decreas- 
ing water  depths.  It  was  evident, then, that  by  sampling  at  a variety  of 
water  depths,  different  sediment  types  also  would  be  sampled,  and  any  dis- 
tinct faunal  assemblages  which  they  support  would  thereby  be  included  in  the 
community  of  animals  from  this  region.  It  is  difficult  to  detect  small 
faunal  differences  between  stations  by  merely  comparing  the  species  lists 
and  numbers  per  station.  To  fulfill  the  objectives  of  the  study,  it  was 
bcliev  1 important  to  be  aisle  to  measure  difference  ;,  if  there  were  any, 
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between  stations  within  the.  Canal  anil  outsid.  tlu  Canal,  and  over  a 
gradient  of  stations  approaching  the  Canal.  To  accomplish  these  objec- 
tives, several  method::  of  analysis  were  tested  and  are  presented. 

Trellis  diagram.  The  percent  similarity  of  species  composition  was 
used  as  an  inde'i  to  compare  samples.  T:  e 19  stations  were  compared  for 
their  faunal  si  Llarity  by  the  trellis  diagrav  method  of  analysis  (Sanders, 
1960).  This  faunal  in  do  ■ of  affinity  was  considered  by  Saila  ej:  al.  (1927) 
as  more  stra ’ ^ht forward  tl  :n  other  indicts  using  prominence  valves.  It  is 
based  on  the  percentage  of  fauna  shared  by  each  possible  pair  of  stations 
and  is  obtained  by  summing  the  smaller  percentages  of  . ich  species  present 
at  the  two  stations  be^g  compsr  . After  the  percent  similarity  for  each 
pair  of  stations  was  determined,  the  values  were  placed  in  a t atrix  by 
grouping  stations  according  to  bottom,  types  (Fig.  f).  This  figure  repre- 
sents the  fai  al  cc  position  for  the  March  sai  j Ling  period.  Index  values 
were  calculated  for  each  of  the  ot’.n  r sn;  pling  periods  but  only  very  Unite! 
and  unorganized  relationships  could  be  foe.  d in  ie  June,  September,  or 
December  sampling  periods.  Th  c*  natural  fluctuations  .in  faunal  composition 
reflect  the  unstableness  in  a secondary  trophic  level  s ch  as  the  benthic 
invertebrate  fauna.  FacLors  which  may  bring  about  charges  in  the  bcrthic 
faunal  composition  after  the  March  sampling  period  inc  .’e  migration,  spa vn- 
ing,  c mpletion  of  life  cycle,  predation,  and  death  duo  to  environmental 
changes.  It  is  believed  that  during  late  vint.r  or  March,  before  increased 
water  temperatures  initiate  certain  metabolic  acti  ties,  specie  and  num- 
bers arc  more  truly  representative  of  the  true  faunal  composition  of  the 
area. 

When  the  samples  arc  arranged  according  to  bottom  types,  such  a.;  in 
Fig.  3,  a high  percent  of  similarity  may  be  seen  between  specific  pairs 
of  stations.  A high  percent  of  station  similarity  in  thi.  sti  is  ri  mnrdcd 


as  any  index  value  of  50%  and  greater.  Sanders  (1960)  took  replicate 
samples  from  a single  station  and  obtained  an  average  value  of  507...  He 
also  .s  able  to  define  distinct  ommunity  types  between  samples  in  the 
307q  to  507  ra  ,e  cf  similarity. 

The  group  of  stations  which  exhibit  a high  index  of  affinity  for  each 
other  were  those  from  the  silt  and  very -fine- sand  sediment  types.  The 
only  exception  was  Station  101  which  is  located  farthest  removed  geographically 
from  the  group  of  similar  sediment  types.  The  fauna  of  this  station,  which 
is  located  in  the  Che sap-  ike  Say,  apparently  is  under  the  influence  of  higher 
salinity  conditions  of  this  particular  area.  It  is  also  obvious  from  thi; 
method  of  analysis  that  Station  115  is  not  correctly  situated  in  the  matrix 
and  should  be  more  closely  related  to  the  group  of  silt  and  very-fine-sand 
stations  rat  or  than  the  medium-sand  group.  The  physical  qualities  of  the 
sediments  at  this  station  had  the  characteristics  of  soft  bottom,  but  an 
error  mu  t have  occurred  during  sampling  or  analysi  . 

Another  group  of  stations  showing  a marked  similar!  of  faunal  com- 
position were  the  Canal  stations  which  had  related  bottom  types  of  fine  or 
medium  sand.  It  is  of  interest  to  se  their  similarity  to  Station  102, 
also  a medium- sand  sediment,  but  furthest  removed  from  the  Canal  an  under 
more  influence  of  Chesapeake  Bay'  conditions  than  othc  stations.  It  is 
believed  that  the  slightly  higher  salin'ty  water  from  Delaware  Bay,  which 
periodically  flows  westward  through  the  Canal,  h s an  influence  on  the  fauna 
within  the  Canal  and  creates  similar  faunal  composition  as  corresponding 
saline  areas  in  the  Chesapeake. 

The  average  faunal  index  of  affinity  for  this  stud  - was  32.56%  which 
is  fairly  consistent  with  other  studies  and  summarized  by  Wade  (1972).  The 
fauna  of  the  area  sampled  does  not  show  any  species  preference  along  the 
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sampling  gradient.  On  the  basis  of  s pec ice  assemblages,  biological  index 
values,  and  average  inde:;  of  affinity,  the  benthos  of  this  area  probably 
conn r sts  of  a single  homog  ious  cor . unify  throughout , with  preferences 
exhibited  only  for  specific  bottom  types. 

Species  Diversity.  Another  approach,  in  the  study  of  natural  communi- 
ties of  animals,  is  to  mathematically  analyze  the  number  of  species  and  the 
number  of  individuals  making  up  that  community.  This  demands  not  much  a 
critical  taxonomic  study  of  ; 11  species,  but  that  each  species  and  number 
of  individuals  of  each  species  be  separated,  and  that  the  sax  les  be  from 
a known  volu:  :■  or  area.  Wilhm  (196.)  reviewed  several  of  these  indices  as 
proposed  by  various  investigators. 

Margalef  (1956)  proposed  the  following  equation  derived  from  the  infor- 
mation theory  whi  h was  the  index  used  in  this  study. 


= 1 


log., 


N! 


NJ  N2!  ...  Nn! 


The  total  number  of  organisms  K,  number  of  individuals  per  species  (N!) 
were  used  to  calculate  the  diversity  per  individual  d.  Also  a theoretical 
maximum  diversity  d max,  and  a theoretical  minimum  diversity'’,  d min,  were 
calculated  along  with  redundancy  (R) , the  expression  of  the  unequal  abun- 
dance of  i lividu:  Is  per  species.  These  values  were  calculated  by'  means 
of  the  following  equations: 

(N) 


d max  = log  N!  - N log 


(s)! 


^ min  = log  K!  - logn-(s-i) 

R = d ma:  - d 

d max  - d min 

These  methods  of  analysis,  species  divers'. ty  indices,  have  been 
expecially  useful  in  detecting  stresses  in  the  in  the  community  structure 
resulting  from  s me  form  of  pollution  or  me  hanicnl  disturbance.  In  this 
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particular  study  it  was  used  to  determine  if  the  fauna  in  the  Canal  was 
particularly  different  from  that  outside  the  Canal  as  a result  of  hk  re 
recent  d >dging  or  t'  sough  the  influence  of  v.a  .r  rec  "v.  i from  the  Dela- 
ware Bay,  and  to  detect  any  faunal  difference  at  particular  stations  in 
the  tributaries  and  apor  hes  to  the  Cana  from  the  Chesapeake  Bay. 

Through  the  use  of  the  f>  ala  given  above,  a numerical  value  is 
obtained  which  ranges  from  0 to  4.  A value  of  4 is  obtained  if  all  individ- 
uals are  equally  divided  among  different  species  and  a value  of  0 is  obtained 
if  all  individuals  bclon  to  the  species.  The  diversity  index  was 

calculated  for  each  station  at  each  sampling  period  (Table  5). 

When  the  stations  are  group  d according  to  water  depth  (shoal,  inter- 
mediate, and  dec  ater  stations)  tli  d values  in  each  of  thc^a  3 groups 
are  closely  related  (Table  5).  Seme  exc  otions  are  Stations  105  and  106 
at  the  mouth  of  the  Bohcr-La  River  and  Station  112  in  the  Canal  at  the 
Delawar  e-Mary  land  lin  . The  values  at  Stati.  105  and  106  were  low  during 
all  sampling  pc."’ods  because  of  tin  abundance  of  the  oligoc  iete  worm 
Limnodrilns,  at  there  stations.  Station  112  in  the  Canal  had  a low  d value 
in  March  and  December  because  of  the.  relatively  1 >e  r • oers  of  the  poly- 
chaete  worm,  SeoteoM.n-  -‘des  vlri  ms.  1th  the  exception  of  the  December 
period  at  Station  112  when  only  2 species  were  found,  and  at  Station  106 
when  only  1 species  was  found,  these  stations  had  an  average  number  of 
species  but  the  abundance  of  one  of  them  lowered  the  d value.  It  is  there- 
fore believed  tb  these  low  diversiti  s were  not  due  from  any  particular 
outside  interior  tec  to  the  invertebrate  community  but  are  due  to  aberrant 
faunal  assemblages  during  periods  of  rccruitracn  or  s pling  artifacts  at 
these  stations. 

T'  d values  indicated  that  Lhc  fauna  was  more  diverse  in  hoal 
water  (average  d value  1.790),  Less  diverse  intermediate  depths  (1.339) 

and  still  less  diverse  in  deep  water  (1.101).  The  deepwater  stations  in 
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the  Caru.i  proper  showed  a dc<  using  gradient  from  west  to  cast,  while  no 
gradient  was  observed  at  the  stations  in  Mar;,.  land  waters  approaching  the 

Cana i . 

Dry  weight.  The  biomass  or  amount  of  living  material  per  unit  area 

of  bottom,  may  be  measured  by  a variety  of  means.  One  method  employed 

by  some  investigators  for  cc-  .parison  between  areas  or  as  a measure  of 

rates  of  change  in  a biological  system,  is  to  weigh  the  number  of  organism:; 

present  in  a s le.  Depending  on  the  method  used,  this  may  be  expressed 

as  vet  weight,  dry  weight  or  ash-free  dry  weight. 

A pr  ious  study  of  the  benthic  community  in  an  adjacent  area  to 

2 

this  project,  dry  weights  averag  i 0.60  g/m  for  selected  stations  during 
September  (Pfitaenr  :yer,  1970).  The  biomass  at  three  deepwater  stations 

O 

in  the  present  study  averaged  0.76  g/m  (Tabic-  3).  Also  in  this  table  arc 
the  results  for  the  other  p r'.ds  of  the  year  at  these  stations.  The  high- 
est average  biomass  for  the  four  sampling  periods  during  the  entire  year 

•y 

occurred  at  tae  str  ion  in  the  Chesapeake  Bay  (1.19  g/nr) , the  next  high- 

2 

est  at  the  station  intermediate  between  the  Canal  and  the  Bay  (1.00  g/m  ) 
and  the  lowest  was  in  the  Canal  (0.60  g/-  “)•  These  approximate  the  result.: 
of  the  earlier  study  but  arc  ccnsid  cc  " y lower  than  Sanders  (1956)  reportu 

9 o 

for  the  English  Channel  (4.0  g/m  ),  and  for  Long  Island  Sound  (15.83  g/nr). 
Both  of  these  studies,  however,  were  from  high  salinity,  more  stable  enviro 
r.ents  where  a greater  number  of  organisms  would  be  expected. 

These  results  tend  to  indicate  what  was  also  suggested  by  other 
analytical  met?  Jr,  of  this  study.  First,  there  ir  considerable  seasonal 
variation  in  biomass  at  each  station  presumably  due  to  the  interaction  of 
mortality,  movement . and  recruitment.  Secondly,  based  cn  a limited  number 
of  observation.-,  at  three  static  , a slight  decreasin'  biomass  gradient  was 
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observed  at  deepuater  stations  as  one  progressed  from  the  Clies,  peake  to 
the  Ca  tl. 

Benthic  invertebrates  at  fish  food.  Stomachs  from  the  most  cc  non 
species  of  fish  in  the  C and  D Can  1 and  approaching  waterways  during 
March,  April,  and  May  wore  ex  a i.ned  for  species  of  organisms  consumed  as 
food.  The  prime  objecti\  was  to  gain  some  understanding  of  the  relative 
importance  of  the  invertebrate  fauna  utilised  by  fish.  Fish  specimens  vcve 
obtai  u by  means  of  the  30-ft  otter  travels  us  1 to  sample  adult  fish,  as 
reported  up  a in  another  appendix  of  this  report. 

Table  7 summarizes  the  result  of  the  stomach  analyses  of  four  species 
of  fish  (white  perch,  striped  bass,  catfish,  and  yellow  perch)  for  the  3 
sair.pl  ' g periods.  Eighteen  s,  ies  of  invertebrates  were  found  to  be  in  the 
stomachs  during  this  period  of  study.  In  addition,  the  remains  of  fish  and 
2 species  of  fish  eggs  v.cre  also  found  to  be  con  amed.  Most  of  the  species 
in  the  stomachs  were  benthic  invertebrates  which  were  a -;o  found  in  t 
bottom  samples  taken  during  this  study.  Usually  the  most  abundant  in  the 
stomachs  compared  with  the  density  found  in  the  benthic  samples.  One  major 
excc  )u  being  the  oligochaetc  worm  Limnodr-;  Ins , which  was  tlu  most  abun- 
dant species  taken  in  the  benthic  study,  bvt  was  not  found  in  any  fish  sto- 
mach. The  second  most  abundant  benthic  species,  the  crustacean  Lcntochierus 
plum  1 osu3 , war,  hovxevcr,  a major  food  item  for  all  species  of  fish  except 
the  striped  bass.  The  size-class  of  striped  bass  used  in  this  study  (20C  - 
545  mm)  were  adult  specimens  and  those  which  had  any  contents  in  thei"  sto- 
machs were  preying  entirely  on  other  fish.  This  agrees  closely  with  the 
finding  of  Bason  (1971),  who  also  studied  st  ped  bass  in  the  same  area. 

White  perch  and  catfish  were  very  similar  in  their  food  solectio. , 
often  times  obtaining  small  species  i;  it  found  .n  the  benthic  samples. 


Three  small  crus  > .ms,  copcguj  and  cladoeemns,  which  are  pelagic,  and 

os trncods,  which  are  cuaimonly  benLhie  in  habit,  were  nut  retained  on  the 
s "ecu  u:;,  d fo  washing  benthic  samples  but  were  quite  abundant  in  fish 
stomachs  especially  during  the  May  pling  period.  Similarly  fish  eggs, 
when  they  are  present  in  the  water  during  April  and  Nay,  are  found  in 
large  numbers  i tit  adult  fish  diet,  but  due  to  their  smallness  or  frailty 
are  not  seen  in  fie  benthic  samples  Juvenile  clams,  Rang  in  cuneata, 
which  were  nut  common  in  the  bei.  ic.  samples  also  were  quite  common  in  cat- 
fish s jmachs  duri  j April.  'Tiis  species  of  fish,  as  indicated  by  the  organ- 
ism.:. found  in  its  stomach,  was  especially  selective  and  efficient  in  obtain- 
ing small  food  items. 

Although  stem  :h  sample,  were  taken  during  March,  April,  and  May 
(Table  7) , only  . ’ring  the  March  period  were  eorre  sending  benthic  samples 
made.  This  offered  an  opportunity  to  compare  selectivity  of  available  ben- 
thic organisms  by  the  bottom  feuding  fish  present  at  that  season.  Striped 
bass  stomachs  were  exam?:  d but  they  contained  only  fish  remains . Food 
i teres  contained  in  the  stomachs  of  three  c or  species  of  fish,  white  perch, 
catfish,  and  yel"ow  perch,  were  taken  during  March  and  are  presented  separ- 
ately in  Table  7,  but  x.crc  colic  Lively  analyzed,  since  we  were  not  interested 
in  individual  fish  species  preferences.  The  species  of  invertebrates  found 
were  gathered  into  larger  taxono-  Lc  groupings  for  comparative  purposes  of 
presentation.  Correspond  ngl  s'  Liar  spec'  s of  those  groups  from  the 
bottom  samples  were  combi  ed  for  comparison.  The  data  was  presented  as  a 
percentage  of  the  total  number  found  in  either  the  stomachs  or  bottom  samples 
(Table  8). 

A most  striking  comparison  may  be  seen  in  the  • ’ailablc  abundance  of 
the  oligochae  t«  worm  in  th  ■ »ott<  edi  s (45  > , an d c ipiete  absi  no.  in 
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the  stomachs.  In  contrast  with  another  class  of  annelid  worm:  , polychactes, 
which  we  • only  25%  o £ the  tot .1  spec'  s in  bottom  sediments  but  comprised 
76.  of  the  total  species  found  in  the  stomachs.  The  r .son  for  these 
differences  is  not  known  but  there  .loos  cnist  a very  high  degree  of  diet 
selectivity  that  not  only  occurs  during  March,  but  April  and  May  also. 

In  a study  of  white  perch  feeding  habits  and  the  availability  of  food 
in  the  bottom,  sediments,  Cooper  (1941)  found  so:  oligochaetes  (aquatic 
earthworms)  in  the  sediments,  but  similar  t this  study  none  were  found  in 
the  fish  stomachs.  Although  no  comparison  was  made  with  food  in  the  bottom 
sediments,  Miller  (1963)  did  not  report  any  oligochaetes  in  the  stomachs  of 
white  perch  His  study  area  included  tributaries  of  the  Delaware  Bay  where 
oligochaetes  must  have  been  available. 

The  most  abundant  £or...j  of  invertebrates  found  in  the  fish  stomachs 
were  annelid  wt  as  (76%),  crustaceans  (13%) , and  insect  larvae  (37,).  In 
the  sediments,  the  ost  ab  Jant  were  annelid  v rms  (707=) , insect  larvae  (197), 
and  crustacean  (£7).  It  should  be  pointed  out  that  some  o the  crustaceans 
arc  free- swimming  forms,  or  too  small  to  be  caught  by  our  benthic  sampling 
methods,  and  were  therefore  not  incl  led  in  our  study  of  the  invertebrate 


benthos . 
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SUTCL'  7 AND  CONCi,  UNIONS 

Sam  Lcs  of  the  be  .thos  \ e taken  by  means  of  a van  Vccn  grab  and 
wa  bed  through  a 0.7 -mm  mesh-opening  screen. 

Samples  were  taken  at  \;atcr  dep  as  ranging  from  2 to  40  ft  and  from 
predominately  silt,  and  fine-to-medium  sand  substrates. 

A total  of  26  invertebrates  were  found,  represented  by  11  species  of 
crustaceans,  9 species  of  insect  larvae,  3 species  of  annelids,  2 species 
of  mol  lucks,  and  1 species  of  ribbonwomi. 

The  most  abundant  species  in  numerical  order  ate  th_  snails  Hv  Ire  in , 
the  oligochaetc  *oms  Lime  Irilrs  hnf  r 'nist  "i , the  polychaete  worms 
Scol  Icpides  virldis , and  the  amphipod  crustac  >ans  Leptocliieri" 
plumulosns . These  four  species  represented  over  77%  of  the  spcci  ns 
collected. 

The  staL  ons  v;  .*e  com pared  for  their  fauna’  similarity  by  a trellis 
diagram.  This  faunal  index  of  affinity  inf  cated  that  stations  of 
similar  bottom  types  exhibited  close  relationship  regardless  of  water 
depths  and  that  station  in  the  Mr  yland  portion  of  the  Canal  r oper 
were  most  sirail  • to  the  stations  located  in  the  Che:  peake  Bay. 

A species  diversity  index  analysis  based  on  the  information  theory 
indicated  stations  located  in  shoal  water  to  be  most  diverse  in  fauna, 
while  those  in  deep  water  to  be  least  diverse.  At  three  stations  in 
the  Canal  proper,  the  faunal  diversity  decreased  from  west  to  east. 
Biomass  calues  at  .elected  static -s  indie  ed  . reduction  in  dry 
weight,  progressing  from  the  Chesapeake  Bay  into  the  Canal  proper. 
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8.  A stomach  analysis  of  white  perch,  striped  bass,  catfish  and  yellow 
perch  indicated  that  these  uh  utilized  tl.  benthic  fauna  for  food. 
With  the  exception  of  the  oligochnetn  worm  Limnodril ns , which  was 
absent  from  the  stomachs,  the  number  of  specimens  of  each  species  in 
the  stomachs  corresponded  closely  with  the  density  found  in  the  benthic 
samples . 

9.  The  present  enlargement  of  the  Canal  is  expected  to  hav  no  measurable 
effect  on  the  benthic  invertebrate  fauna  under  the  predicted  flow  con- 


ditions. Large  volumes  of  water  passing  in  either  direction  through 
the  Canal  as  a result  of  unusual  hydrographic  conditions  may  have  a 
d istic  but  temporary  effect. 
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Table  2.  'lot-  1 
samp  1 In;  per 

spec  Ll i i < : of 

iods . Each  f 

r ich  spi  cio  . 
ijure  V'.prc:, 

collected  durin"  the 
outs  the  num’  r from 

four 

3 

• — ' • 

S pCC  ic'R 

1971 

Kir 

June 

Sep . 

Dec. 

'tol.-T 

T.  pellucidus 

4 

3 

2 

3 

12 

L.  hoi  i 

2576 

2956 

289 

1436 

7257 

S.  vivid  is 

1414 

789 

141 

400 

2744 

H. 

24 

3 

16 

152 

200 

1\.  art 

0 

0 

0 

0 

5 

L.  ame n in  s 

22 

3 

0 

1 

26 

C . po ! i ! 

190 

169 

160 

153 

672 

C.  alrw'a 

20 

322 

359 

29 

730 

E triloba 

3 

3 

4 

1 

11 

N.  edvar-b  ' 

6 

77 

12 

3 

98 

Gamma  ms  sp. 

9 

263 

201 

13 

466 

M.  n it  id 

0 

0 

0 

9 

9 

L.  pluti  sus 

277 

623 

164 

463 

1523 

C.  1.  au  . in 

4 

6 

242 

29 

281 

R.  h.-mrisii 

1 

1 

3 

0 

5 

C.  scapularis 

289 

201 

167 

292 

949 

Proc  ’ .1  : sp. 

179 

151 

643 

42 

1020 

C.  f _is 

0 

99 

0 

0 

99 

X.  _t_  " ' 

0 

29 

0 

0 

29 

P.  hal : /a l e 

0 

21 

0 

0 

21 

C.  att'  i;-. •• 

373 

5 0 

10 

39  7 

1285 

Palpc  i p. 

8 

1 

0 

4 

13 

C.  ar 

227 

83 

9 

87 

411 

C.  punet Iperais 

6 

5 

13 

11 

35 

R.  cuneata 

79 

102 

107 

219 

507 

llvdrobi  i sp. 

0 

12167 

0 

0 

12167 

TOTAL 

5716 

13577 

2547 

3744 

30584 

No.  stations 

17 

19 

13 

17 

Av/sta 

336 

973 

142 

220 

Est.  Or  . /vy- 

1119 

3257 
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Fig.  2.  Results  of  bottom  sediment  grain-size  analysis 
for  each  sac.  ling  station  (101-119).  Water  depth  for  ach 
station  is  give  belov  the  station  designation. 
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